The present paper describes the characterization of the Thy-i molecule from rat brain. The molecule was recognized by its antigens, which could be solubilized from brain membrane with deoxycholate. In the solubilized form the Thy-i antigens were associatQd with a homogeneous component with the following hydrodynamic properties: s2O,W= 2.2S, v = 0.72ml/g and Stokes radius = 3.0nm. The mol.wt. of the deoxycholateantigen complex was estimated to be 27000; these values are not significantly different from those obtained thymocyte Thy-i. Brain Thy-i was further purified by affinity chromatography with lentil lectin coupled to Sepharose 4B, and more than 80 % of the antigen was bound. The material eluted with methyl a-D-glucopyranoside was then filtered on a column of Sephadex G-200, and only one glycoprotein was found in the antigenically active fraction. On sodium dodecyl sulphate-polyacrylamide-gel electrophoresis the glycoprotein was very similar to the Thy-i from thymocytes that binds to lentil lectin. Its apparent mol.wt. on 12.5% acrylamide gels was 24000, and it electrophoresed as a symmetrical band. Brain Thy-l was antigenically indistinguishable from thymocyte Thy-i when analysed with rabbit antisera raised against brain or thymocyte Thy-1.
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Antigens of the Thy-1 (8) molecule are found in large amounts on thymocytes and in the brain of adult mice and rats. In neonatal animals of the same species the antigens are present in low amounts inbrain, and they increase in specific activity from birth to reach adult values at about 3 weeks of age (Reif & Allen, 1964 , 1966 Douglas, 1972; Acton et al., 1974; . This-increase correlates with developmental events such as the formation of synaptic junctions, the adoption of behavioural patterns and the onset of bioelectric activity (Aghajanian & Bloom, 1967; Tilney, 1933; Deza & Eidelberg, 1967) , and precedes the main period of myelination (Davison & Peters, 1970) . Other cell-surface antigens show a similar increase in specific activity (Schachner & Hammerling, 1974; Schachner, 1974) .
The, Thy-i antigen is found in all regions of mouse and rat brain in various amounts (Reif & Allen, 1964; Moore et al., 1971; Grabar et al., 1974) , but there may be considerably less on peripheral nerves (R. T. Acton, J. Addis, G. F. Carl & W. F. Bridgers, unpublished work) . In cultures of foetal mouse brain, Thy-1 is present on neuronal-like cells and on an indistinct class of cells, but not on glial-like cells (Mirsky & Thompson, 1975) . The expression of Thy-i antigen on neuronal cell lines is variable, with small amounts present on one mouse neuroblastoma of peripheral sympathetic origin (Schachner, 1973) , Vol. 151 but apparently not on others (Joseph & Oldstone, 1974 .
It is important to establish whether the antigen is in the same form in thymocytes and brain since antigens can exist on different molecular types, as is clearly established by the existence of ASO blood-group antigen on glycolipid or glycoprotein molecules (Hakomari & Kobata, 1974) .
Thus in the present paper we des9ibe the purification of the Thy-I molecule from rat brain, and its characterization in crude extracts and purified form. The antigen could be solubilized bfm crude brain membrane with deoxycholate, but rkot with non-ionic detergents (Letarte-Muirhead et al., 1974) , and was purified by affinity chrornatogrphy with lentil lectin, followed by gel filtratiQn on,rephadex G-200.
Materials and Methods
Unless otherwise stated all pWiures were at 0-40C and all methods were as d$¢ibed in LetarteMuirhead et al. (1975) .
Antibodies
To prepare rabbit anti-(rat brain Thy-1) sera, two rabbits which had-been primed with brain glycoprotein obtained after lentil lectin affinity chromatography were further immunized with pure Thy-i 5 months later. The priming involved two intramuscular injections of 1 mg of glycoprotein in complete Freund's adjuvant, followed by subcutaneous injection of lufg im incomplete Freund's adjuvant. The boosting with pure Thy-i involved three injections of 40pg of Thy-I given intravenously at weekly intervals. Animals were bled weekly after this.
Crude membranepreparationfrom brain andsolubilization in deoxycholate Whole brains were removed from rats of 6-12 weeks of age, tud frozen in liquid N2 for storage at -70°C. This procedure had no effect on Thy-i.1 activity compared with fresh material. Brain homogenate was prepared by using a Potter-Elvehjem homogenizer with rat brains suspended in lOvol. of 0.32M-sucrose. The large debris was removed by centrifugation for 16000g-min and the pellet washed once. The pooled supernatants were centrifuged for 2000000g-mih and the membrane pellet obtained was resuspetrdid in 0.05M-NaCl-0.01 M-Tris-HCl, pH7.4, to giv6l2mgofprotein/ml. An equal volume of 4 % (w/v) Lubrol-PX in the same buffer was added and the mixture stirred on ice for 60min. The extract was centrifuged, at 6000000g-min and the pellet obtained was yqvuspended in 0.02% (w/v) NaN3-0.01M-Tris l,pRU, to give 12mg of protein/ml. antigenicwactivities were assayed.
Sucrose-gradient centrifugation
This was carried out in H20 and 2H20 as described by except that 1% (w/v) deoxycholate was used in the gradients and l25l-labelled myoglobin was used as an extra marker. Deoxycholate extract was sedimented on the gradients and for analysis in 2H20 the sample was dialysed against deoxycholate buffer in 2H20 before application.
Gelfiltration in deoxycholate
To measure Stokes radius, and in preparative procedures, Pharmacia K-26 and K-50 upwardflowing columns containing Sephadex G-200 were used (Letarte-Muirhead et al., 1974 Phospholipid was determined from the phosphorus present in a chloroform-methanol (2:1, v/v) extract. Phosphorus was determined by a modification of the method of Bartlett (1959) Solubilization of Thy-1 antigens The scheme for the solubilization of brain Thy-I is shown in Fig. 1 and details of yields of antigen activity and of protein are listed in Table 1 . The first step was the preparation of a crude membrane fraction from which solubilization in detergent was attempted. Non-ionic detergents did not inactivate Thy-1.1 antigen, but nor did they give effective solubilization (Letarte-Muirhead et al., 1974) . Deoxycholate did not solubilize crude membrane very well, but, ifmembrane was first extracted with 2 % Lubrol-PX, effective solubilization of Thy-1.1 antigen was possible from the Lubrol-PX pellet. Moreover, solubilization was improved when membrane in deoxycholate was frozen-thawed before centrifugation. With the procedures outlined in the Materials and Methods section and in Fig. 1 Fig. 2 suggested that the antigens were solubilized in deoxycholate and gave no evidence for multiple forms of Thy-1 antigens in rat brain.
Affinity chromatography on lentil-lectin columns
To further purify Thy-i from the deoxycholate extract, affinity chromatography on lentil lectinSepharose 4B columns was carried out. The results are shown in Fig. 3 , and the major part of the protein, PURIFICATION OF THY-1 FROM RAT BRAIN as indicated by E"W values, was not retarded, whereas the Thy-1.1 activity was bound, and was eluted with methyl a-D-glucopyranoside. In this experiment the affinity column was approaching saturation, but under non-saturating conditions (e.g. in the first fractions through the column) more than 80% of the Thy-1.1 activity was bound. This is in contrast with Thy-i from thymocytes; in that case there is a clear distinction between the Thy-1 which binds to lentil lectin and that which is unretarded, the two forms being present in approximately equal amounts .
The yields obtained with the Thy-I xenoantigen assay indicate that approx. 80% of the Thy-i loaded on to the affinity column is eluted with methyl z-D-glucopyranoside. In terms of Thy-i.1 antigen activity there appeared to be a loss of Thy-1, but this may be more apparent than real, since the Thy-1.1 assay is less reproducible than the Thy-i xenoantigen assay, and backgrounds are more affected by deoxycholate. The overall yield after the lentil lectin step was in reasonable agreement for the two assays. The profile in Fig. 3 clearly shows that this a particularly good purification step, since the major part of the Thy-i activity is eluted with only 5% of the protein and less than 2% of the phospholipids loaded on to the affinity column (Table 1) .
Gelfiltration on Sephadex G-200 in deoxycholate
To further purify Thy-i, the material eluted from the lentil lectin column was chromatographed on Sephadex G-200. This was done on small columns (2.6cmx90cm) to measure Stokes radius, and on large columns (5.0cmx90cm) in preparative procedures. In Fig. 4 the result of column measurement of Stokes radius is shown, and Thy-i.1 antigen emerges at the same elution volume as ovalbumin and has a Stokes radius of 3.0nm (Tanford et al., 1974) . The antigen is separated from the bulk of the protein and the Sephadex G-200 column provides a very good purffication step (Table 1) . On some occasions gel filtration was repeated to achieve complete purification (see later).
Analysis of the purification by sodium dodecyl sulphate-polyacrylamide-gel electrophoresis From the results given in Table 1 To be sure that the antigenicity was associated with the major glycoprotein, a gel was run in 0.1 % sodium dodecyl sulphate, and antigenic activities were assayed from the gel in exactly the same way as described for thymocyte Thy-i (Letarte-Muirhead et al., 1975) . Both Thy-1.1 and Thy.1 xenoantigens ran with the glycoprotein band.
Reduction and alkylation of Thy-i had no effect on its mobility; thus the molecule consists of a single polypeptide chain.
The homogeneity and apparent molecular weight were also established after sodium dodecyl sulphatepolyacrylamide-gel electrophoresls and it can be seen from Plate l(b) and 1(d) that brain Thy-i electrophoreses as a symmetrical band. The apparent molecular weight by sodium dodecyl sulphatepolyacrylamide-gel electrophoresis varied with acrylamide concentration in the same manner as did thymocyte Thy-i, and the mean±s.E.M. was 31300± 1000 on 5.6 % acrylamide gels (seven determinations) and 24100±150 (four determinations) on 12.5 % gels.
Immunogenicity ofbrain Thy-i
To show further, that the glycoprotein purified by this procedure was identical with the Thy-i molecule, antisera were raised in two rabbits against purified brain Thy-1 (see the Materials and Methods section) and analysed for binding to thymocytes. From previous studies such sera should have antibodies against a component absent from liver, but found in large amounts on thymocytes and brain and in much smaller amounts on spleen and lymph-node cells. This pattern was also obtained for rabbit anti-(thymocyte Thy-i) , and, when the anti-(brain Thy-i) was analysed in the same way, the same result was obtained for both sera.
The concentration of antibody was estimated as described by , and the bleeds of highest activity from one rabbit contained 0.3mg/ml of anti(Thy-1), whereas the other contained 0.1 mg/ml.
The antisera were further analysed for their specificities against Thy-i by absorption with A/Thy-i.1 and A/Jax congenic mouse brain and Wistar-rat brain. The results are shown for the more active serum in Fig. 5 , and it can be seen that the absorption was 26, 30 and 100% for A/Jax and A/Thy-i.1 mouse and Wistar-rat brain respectively. Thus 70% of the antiserum was against the ratspecific Thy-i xenoantigen, 26% against the ratmouse cross-reacting xenoantigen and only 4% against Thy-1.1. This serum was used for antibody affinity columns to purify thymocyte Thy-i (Letarte- .
In serum of the second rabbit, the antibody specificities as described above were 45, 37 and 18% respectively.
Antigenicity ofrat brain Thy-i
Antigenicity of brain Thy-I and thymocyte Thy-I was compared by studying inhibition of the binding ofrabbit anti-(brain Thy-i), or rabbit anti-(thymocyte Thy-1L+) sera to thymocyte target cells. This analysis should reveal if thymocyte Thy-i displays antigens not present on brain Thy-1. The results are shown in Fig. 6 and it is clear that the brain Thy-1 and thymocyte Thy-1 molecules cannot be distinguished in terms of their antigenicity. The two assay systems differed in their sensitivity to-inhibition and this was probably due to differences in affinity rather than to antigenic specificity. The rabbit anti-(thymocyte Thy-i)serum was an early bleed after limited immunization, whereas the anti-(brain Thy-1) serumwas obtained after prolonged immunization.
To summarize the similarities between brain Thy-1 and thymocyte Thy-lL+, the amount of antigen required for 50% inhibition of the Thy-i.1 and Thy-I xenoantigen assays is given in Table 2 . The specific activities for the antigens are similar in all cases, and this is consistent with estimates of (0), or A/Jax mouse (U) and after centrifugation was analysed for residual binding by using indirect binding assays as described by . Excess of rat thymocyte target cells was used, and the second antibody [125I-labelled horse anti-(rabbit IgG)] was added in saturating amounts (20,ug/ml). (thymocytes) purity for thymocyte Thy-1 and brain Thy-I obtained by sodium dodecyl sulphate-polyacrylamide-gel electrophoresis.
Discussion

Purification of Thy-I from brain
The large quantities of Thy-i in rat brain and the availability of the tissue make it a good source for the purification of quantities of antigen sufficient for chemical characterization. Withthymocytespreparing membrane is a good initial purification step, but with the brain, already mostly membrane, this gives little purification. However, a relatively simple procedure using two detergents has been successful in purifying Thy-i to homogeneity.
Hydrodynamic properties of Thy-1 in deoxycholate Sucrose-gradient centrifugation and gel filtration in deoxycholate were used to determine some hydrodynamic parameters of Thy-i by methods described in Letarte-Muirhead et al. (1974) . These apply to antigen plus bound detergent and the molecular size is likely to be an overestimate as parameters are determined by comparison with marker proteins which bind much less deoxycholate than membrane proteins (Helenius & Simons, 1972) .
The following values were obtained: s20,w, 2.2S; e, 0.72ml/g; Stokes radius, 3.Onm; and from these a frictional coefficient of 1.52 and mol.wt. of 27000 were calculated. These values are not significantly different from those for Thy-1 from thymocytes (Letarte-Muirhead et al., 1974) .
Chemical nature of Thy-I
The Thy-1 antigen has been purified from brain and shown to be a single symmetrical glycoprotein band, by sodium dodecyl sulphate-polyacrylamidegel electrophoresis, of apparent mol.wt. 24100.
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This value is consistent with that of 27000 obtained above from the hydrodynamic properties for the deoxycholate-Thy-1 complex. The glycoprotein appears to constitute the main structure carrying Thy-i antigens in brain, and no evidence for antigenically active gangliosides as reported by Esselman & Miller (1974) for mouse brain Thy-1 has been obtained.
The apparent mol.wt. of 24100 for brain Thy-i determined by sodium dodecyl sulphate-polyacrylamide-gel electrophoresis was consistently slightly lower than for thymocyte Thy-i that binds to lentil lectin (Thy-lL+, mol.wt. 25300), and considerably lower than the thymocyte Thy-1 that does not bind (Thy-IL-, mol.wt. 27200). Thus the brain Thy-I is more similar to thymocyte Thy-IL+, and a brain equivalent of Thy-IL is yet to be found, although it could exist in the 10-20% of brain Thy-i that did not bind to lentil lectin. In terms of antigenicity and immunogenicity, brain Thy-i could not be distinguished from thymocyte Thy-lL+ or Thy-IL-, and the differences between these three forms ofThy-i must be established by chemical analysis.
Importance of Thy-i in rat brain
The Thy-i glycoprotein may play an important role in brain function, and the increase in the amount of antigen during development is perhaps significant. The clear determination of the localization ofThy-i in the brain, yet to be achieved, may also suggest possible functions. The studies on distribution of Thy-I antigens referred to in the introduction indicate that preferential localization may be found, but so far this has been mainly limited to studies by absorption analysis using fractions of brain. Localization by immunological techniques on histological sections has been attempted (Moore etal., 1971 ; Grabar etal., 1974) , but convincing results are yet to be obtained, probably because specific antisera of high concentration have not been available.
As an alternative to examining antigen, the distribution of Thy-i glycoprotein could be determined. A number of workers have studied glycoprotein of brain synaptosomal membrane, and bands produced on sodium sulphate-polyacrylamide-gel electrophoresis that could indicate Thy-i were only sometimes found (Banker et al., 1972; Morgan et al., 1973; Zanetta et al., 1975; Waehneldt et al., 1971; Gurd et al., 1974) . Given the characterization of Thy-i glycoprotein in the present paper, more definitive experiments should now be possible.
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